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COMPOSITION FOR MAKING METAL MATRIX COMPOSITES 



TECHNICAL FIELD 

The instant invention is in the field of materials wherein a reinforcing filler is 
interdispersed with a metal phase. In other words, the instant invention is in the field of 
Metal Matrix Composites (MMC). 

BACKGROUND 

Metal Matrix Composites (MMC) are a class of materials wherein a reinforcing filler 
is interdispersed with a metal phase. See Rohatgi, Defense Science Journal, Vol. 43, No. 4, 
October 1993, pp 323-349. In the preparation of one type of MMC material, particulate 
ceramic reinforcing filler is mixed with a molten metal and then the mixture is cooled to 
fomi an MMC article. In the preparation of another type of MMC material, a porous 
ceramic preform comprising a ceramic reinforcing filler is infiltrated with a molten metal 
and then the metal-filled preform is cooled to form the MMC article. MMC's tend to be 
stififer and stronger than metals but more ductile than ceramics. 

In general, in order to achieve hi^.perfonnance in an MMC made by mixing a 
ceramic reinforcing filler with a molten metal and then cooling the mixture to form the 
MMC article, there should be: (a) good wetabiUty of the ceramic reinforcing fiUer by the 
molten metal; (b) good chemical stabiUty of the ceramic reinforcing filler in the molten 
metal; (c) good dispersion of the ceramic reinforcing fiUer in the molten metal; and (d) good 
adhesion between the ceramic reinforcing filler and the metal after the MMC is formed. 

In general, in order to achieve high performance in an MMC made by wetting a 
preform with a molten metal and then cooling the metal-filled preform to form an MMC 
article, there should be: (a) good wetabiHty of the coramic reinforcing filler of the preform 
by the molten metal; and (b) good adhesion between the ceramic reinforcing filler and the 
metal after MMC is formed. 

Ceramic reinforcing fillers that perform well in MMC's (for example, titanium 
diboride or titanium carbide mixed with molten aluminum or porous boron carbide preforms 
infiltrated with molten aluminum) are relatively expensive resulting in significantly 
increased cost of an MMC article. Ceramic reinforcing fillers that are relatively low in cost 
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tend to perfonn poorly in MMC's. For example, alumina (AI2O3) and silica (Si02) are 
relatively low cost reinforcing filler materials hxA neither silica nor alnmina are wetted by 
molten aluminum. Alumina reinforcing filler particles tend to agglomerate in moltra 
aluminum instead of being well dispersed while silica reacts in molten aluminum to form Si 
rich Al and AI2O3. It would be a substantial advance in the MMC art if the relatively low 
cost ceramic reinforcing fillers of the type that are not wetted by molten aluminum could be 
used to produce lower cost, high performance MMC's 

DISCLOSURE OF INVENTION 

The instant invention is a composition to be mixed with a molten metal to make a 
metal matrix composite, the composition characterized by: a ceramic reinforcing filler, the 
ceramic reinforcing filler not being wettable by molten aluminum and/or not being 
chemically stable in molten aluminum, the CCTamic rdnfordng filler being coated with a 
ceramic matraial, the ceramic material bemg wettable by and chemically stable in molten 
aluminum. 

In another embodiment, the instant invention is a composition to make a porous 
preform to be infiltrated by a molten metal to make a metal matrix composite, the 
composition characterized by: a ceramic reinforcmg filler, the ceramic reinforcing filler not 
being wettable by molten aluminum, the ceramic reinforcing filler being coated with a 
ceramic material, the ceramic material being wettable by molten aluminum. 

In another embodiment, the instant invention is a process for coating a ceramic 
reinforcing filler with a ceramic material, the process characterized by the steps of: (a) 
positioning the ceramic reinforcing filler in a vacuum chamber, and (b) vaporizing a 
ceramic material in ttie vacuum chamber so that the ceramic material deposits on the 
ceramic reinforcing filler. 

In yet another embodiment, the instant invention is a metal matrix composite article 
made by a process characterized by the steps of: (a) mixing a molten aluminum or molten 
aluminum alloy with the composition of the first paragraph of this section to form a mixture 
thereof; and (b) cooling the mixture to form the metal matrix composite article. 

In a yet further embodiment, the instant invention is a metal matrix composite article 
made by a process characterized by the steps of: (a) forming a porous prefomi firom the 
composition of the second paragraph of this section; (b) contacting the porous preform with 
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molten alu minum or molten aluminum alloy so that the molten aluminum or molten 
aluminimi alloy infiltrates into the porous preform to produce an infiltrated preform; and (c) 
cooling the infiltrated preform to form the metal matrix composite article. 

5 BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is a (aoss-sectional view of a composition of the instant invention consisting 
of an alumina particle coated with a layer of boron carbide; and 

Fig. 2 is a (aross-sectional view of another composition of the instant invention 
consisting of a silica particle coated with a layer of titanium diboride that is in turn coated 
1 0 wilfa a layer of nickel. 



MODES FOR CARRYING OUT THE INVENTION 

Refming now to Fig. 1, therein is shown a cross-sectional view of a composition 10 

15 of the instant invention consisting of an alumina reinfordng filler particle 12 coated with a 
layer of boron carbide 12. The layer of boron carbide 12 is formed on the alumina particle 
12 by plasma sputtering boron carbide onto mechanically stirred alutnina particles in a 
conventional plasma-sputtering chamber. Uncoated alumina particles are not "wetted" by 
molten aluminum. The terai wetted as used herein means a contact angle greater than ninety 

20 degrees. The boron carbide coating is wetted by molten aluminum, e.g., aluminum at a 
temperature above 1000 degrees Centigrade. 

The embodimoit shown in Fig. 1 can be formed into a porous ceramic preform by 
any suitable technique (such as slip casting), contacting fhe porous preform with molten 
aluminum so that the molt^ aluminum (or molten aluminum alloy) infiltrates into the 
25 porous ceramic preform, followed by cooling to form an MMC article. The molten 

aluminum will wick into the porous preform because molten aluminum wets the boron 
carbide layer 11 on the alumina particle 12. 

The embodiment shown in Fig. 1 is not specifically suitable for mixing with molten 
aluminum (or a molten aluminum alloy) for casting MMC articles because the boron carbide 
30 layer 1 1 tends to react with the molten aluminum before the molten aluminum can be cast, 
i.e., the boron carbide layer is not chemically stable in the molten aluminum and the 
resulting de-coated alumina particles then tend to agglomerate in the molten aluminum. 
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Thus, when alumina reinforcing filler is used in the instant invention for mixing with molten 
aluminum for casting MMC articles, a chemicaUy stable ceramic material coating is used 
such as titanium diboride or more preferably titanium diboride additionally coated with 
tungsten or nickel. Similarly, when a gr^hite reinforcing filler is used, the ceramic material 
coating can be siUcon carbide or titanium diboride that is more preferably additionaUy 
coated with tungsten, cobalt or nickel. 

Referring now to Fig. 2, therein is shown a cross-sectional view of another 
composition 20 of tiie instant invention fliat is highly preferred consisting of a siUca 
reinforcing filler particle 23 coated with a layer of titanium diboride 22 that is in tiim coated 
with a layer of nickel 21 . The layer of titanium diboride 22 is wetted by molten aluminum 
but the layer of nickel 21 enhances the wettabiHty of the composition 21 with molten 
aluminum. The layer of titanium diboride 22 is formed on the siUca particle 23 by plasma 
sputtering titanium diboride onto medianically stirred siUca particles in a conventional 
plasma-sputtering chamber followed by an annealing process to convert tiie substantially 
amorphous titanium diboride into a more dense and crystalline annealed titanium diboride. 
A determination of the stoiicture of tiie ceramic material coating to determine wheflier it is 
amorphous or annealed can be made by X-ray diffraction analysis. 

The annealing process can be conducted by introducing argon into the plasma- 
sputtering diamber after the coating step followed by heating of the composition to a 
temperatiire sufficient to anneal the ceramic material so that the ceramic material is 
substantiaUy non-reactive with molten aluminum. A substantially amorphous titanium 
diboride coating can be annealed in about an hour at 1000 degrees Celsius. A substantially 
amorphous titanium nitride coating can be annealed in about an hour or two at 700 degrees 
Celsius and in about one half hour at 1000 degrees Celsius. The layer of nickel 21 is then 
formed by conventional electroless nickel coating. The layer of nickel 21 enhances the 
wetting of tiie composition by molten aluminum or molten aluminum aUoy. Altematively, 
titanium diboride (or titanium nitiide or otiier ceramic materials) can be coated on tiie fiUer 
material as an ah»ady annealed coating if tiie filler material is heated (for example to a 
temperatiire of 500-700 degrees Celsius) during tiie plasma sputtering process. 

The embodiment shown in Fig. 2 is specifically suitable for mixing witii molten 
aluminum for casting MMC articles because tiie annealed titanium diboride layer 22 does 
not react witii tiie molten aluminum (even in tiie absence of tiie nickel layer 21) before the 
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molten aluminum can be cast, i.e., the annealed titanium diboride layer 22 is chemically 
stable in molten aluminum. On the other hand, if the titanium diboride (or titanium nitride) 
coated on the ceramic reinforcing filler is not annealed, then surprisingly the titanium 
diboride (or titanium nitride or almost any other othawise non-reactive ceramic material) is 
reactive with molten aluminum or molten aluminum alloys. Whea the titanium diboride or 
titanium nitride is not annealed and reacts with the molten aluminum or molten aluminum 
alloy, then the titanium tends to beneficiaUy alloy with the aluminum. 

The discussion above related to Figs 1 and 2 is directed to specific embodiments. 
However, it should be understood that in its broad scope, the instant invention is a 
composition to be mixed with a molten metal to make a metal matrix composite or to make 
a porous preform to be infiltrated by a molten metal to make a metal matrix composite, the 
composition comprising: ceramic reinforcing filler, the ceramic reinforcing fiUer not being 
wettable by molten aluminum and/or not being chemically stable in molten aluminum, the 
ceramic reinforcing filler being coated with a ceramic material, the ceramic material being 
wettable by and/or chemically stable in molten aluminum, molten magnesium, molten 
copper, molten titanium or alloys thereof. 

The ceramic reinforcing filler is preferably selected &om the group consisting of 
oxides, carbides, borides and nitrides such as sand, clay, mullite, alumina, titanium dioxide, 
magnesium oxide, siKca, carbon, iron oxide, yttrium oxide, zirconium oxide, molybdenum 
oxide, tantalum oxide, niobium carbide, tungsten carbide and siUcon carbide. The ceramic 
reinforcing filler is most prefaably selected fiiom the group consisting of alumina, silicon 
carbide, silica and acicular muUite. The ceramic material coating is preferably selected from 
the group consisting of titanium diboride, aluminum nitride, titanium nitride, titanium 
carbide, siUcon carbide and boron carbide. The optional additional metal coating is 
preferably selected from group consisting of W, Mo, Ti, Ni, Cu, Hi^ Fe, Co, Al and Si. The 
ceramic material can be coated onto the ceramic reinforcing filler by any suitable method 
but preferably by conventional plasma sputtering. Most preferably, the metal optionally 
coated on the ceramic material coating is nickel or tungsten. The metal layer can be coated 
onto the ceramic material layer by any suitable method such as electroless deposition, 
electroplating and plasma sputtoing. 

Acicular mullite coated with titanium diboride is a preferred embodiment of the 
instant invention. Acicular muUite coated with titanium diboride and then coated with 
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nickel is also a preferred embodiment of the instant invention. Carbon (amorphous or 
graphitic carbon) coated with silicon carbide is a preferred embodiment of the instant 
invention. Carbon (amorphous or graphitic carbon) coated with silicon carbide and then 
coated with tungsten, copper or nickel is also a preferred embodiment of the instant 
invention. Hie ceramic reinforcing filler can be of any sh^e, e.g.. in the shape of platelets, 
whiskers or fibers as well as particles having an aspect ratio closer to or equal to one. 

The thickness of the coating of ceramic material on the ceramic reinforcing filler is 
preferably less than one micrometer, more preferably less than one half micrometer, and 
even more preferably less than one tenth of one micrometer. A thinner coating is preferred 
to reduce the cost of the composition. However, a coating of ceramic material that is too 
thin will leave a sufficient portion of the filler exposed to the molten metal resulting in 
diemical instabiKty of the fiUer and/or agglomeration of the filler. Most preferably, the 
coating is both thin and completely covas the filler. The particle size of the reinforcing 
filler is typically in the range of fix)m ten to one hundred micrometers. 

Metal matrix composite articles of the instant invention can be made fiom the 
compositions of the instant invention by: (a) mixing a molten metal, such as molten 
aluminum or molten aluminum alloy, with sudi a composition to form a metal-composition 
mixture; and (b) then cooling the metal-composition mixture to form the metal matrix 
composite article. In most cases, the metal-composition mixture will be introduced into a 
mold before step (b). 

Metal matrix composite articles of the instant invention can also be made from the 
compositions of the instant invention by: (a) forming a porous perform, the porous p«form 
comprising such a composition; (b) infiltrating the porous perform with molten metal, such 
as molten aluminum or molten aluminum alloy, to form an infiltrated perform; and (c) 
cooling the infiltrated poform to form the metal matrix composite article. For example, the 
perform can comprise interconnected mullite grains having a needle morphology (adcular ' 
mullite) as ttie ceramic reinforcing filler. 

The metal matrix composite articles of the instant invention can be used in an ahnost 
unlimited number of applications. For example, the metal matrix composite article of the 
instant invention can be a thermal management article selected from the group consisting of 
heat spreaders, heat sinks, combination heat spreaders/heat sinks and thermal base plates. 
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Examples of metal matrix composite articles of the instant invention for motor vehicle 
appUcation include parts selected from the group consisting of disk brake rotors, brake pads, 
brake pistoiis, brake calipers, brake pad baick plates, brake drums, steering knuckles, engine 
cylinder liners, cylinder head inserts, pistons, piston rings, main bearing inserts, cam lobes, 
cam followers, valves, valve guides and valve seats. 

EXAMPLE 1 

One hundred grams of alumina powder (AlO grade from Alcoa) is placed in a stirred 
cup in a vacuum sputtering chamber. The sputtering target (boron carbide) is fifteen 
1 0 centimeters in diameter and mounted in a water cooled holder. The target is placed four 
centimeters from the stirred cup and operated at 1 80 watts. The alumina powder is coated 
with the boron carbide in the sputtering chamber and then weighed. The coated alumina 
powder wei^ one hundred and two grams. X-ray photoelectron spectroscopy analysis 
indicates a surface coverage by the boron carbide on the alumina of about ei^ty percent. 
1 5 The boron carbide coated alumina is is pressed into a disk shaped inreform and contacted 
with aluminum in a vacuum oven at 1200 degrees Celsius. The aluminum melts and widcs 
into the preform whidt is then removed from the ovai and cooled to room temperature to 
form a disk shaped MMC article. 

20 EXAMPLE 2 

One hundred grams of alumina powder (AlO grade from Moo&) is placed in a stirred 
ciq> in a vacuum sputtering chamber. The sputtering target (titanium diboride) is mounted 
in a water cooled holder. The alumina powder is coated with the titanium diboride in the 
sputtering chamber and then weired. The coated alumina powder weighs one hundred and 

25 three grams. X-ray photoelectron spectroscopy analysis indicates a surfece coverage by the 
titanium diboride on the alumina of about eighty five percent. X-ray dif&action analysis 
indicates that the titanium diboride coating is substantially amorphous in crystalline 
structure. The titanium diboride coated alumina is pressed into a disk shaped preform and 
contacted with aluminum in a vacuum oven at 1200 degrees Celsius. The aluminum melts 

30 and slowly wicks into the preform which is then removed from the oven and cooled to room 
temperature to form a disk shaped MMC article. 
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EXAMPLES 

One hundred grams of alumina powder (Al 0 grade from Alcoa) is placed in a stiired 
cup in a vacuum sputtering chamber. The sputtering target (titanium metal) is mounted in -a 
water cooled holder. The vacuum chamber contains a reduced pressure of nitrogen gas. 
The alumina powder is coated with the titanium nitride in the sputtering chamber and then 
weighed. The coated alumina powder weighs one hundred and two grams. X-ray 
photoelectron spectroscopy analysis indicates a surfece coverage by the titanium nitride on 
the alumina of about ei^ty five percent. X-ray diffraction analysis indicates that the 
titanium nitride coating is substantially amorphous in crystalline structure. The titanium 
nitride coated alumina is treated with an electroless nickel plating solution to deposited a 
one micron thick layer of nickel on the titanium nitiide coating. The nickel coated, titanium 
nitilde coated alumina is pressed into a disk shaped preform and contacted with aluminum 
in a vacuum oven at 750 degrees Celsius. The aluminum melts and rapidly widcs into the 
preform whidi is then removed from the oven and cooled to room temperature to form a 
disk sh^ed MMC article. 



EXAMPLE 4 

One hundred grams of alumina powder (AlO grade from Alcoa) is placed in a stirred 
cup in a vacuum sputtering chamber. The sputtering target (titanium diboride) is mounted 
in a water cooled holder. The alumina powder is coated with the titanium diboride in the 
sputtering chamber and then weighed. The coated alumina powder wei^ one hundred and 
three grams. X-ray photoelectron spectroscopy analysis indicates a surfece coverage by the 
titanium diboride on the alumina of about eighty five percent X-ray diffraction analysis 
indicate that the titanium diboride coating is substantially amorphous in crystalline 
structure. The titanium diboride coated alumina powder is then heated to 1000 degrees 
Celsius in argon for about one hour to anneal the titanium diboride coating. X-ray 
diffraction analysis indicates that the titanium diboride coating is now substantially 
crystalline in structure. The annealed titanium diboride coated alumina is mixed with 
molten aluminum and cast into a mold. The mold is cooled to room temperature to form an 
MMC article. The MMC article is cross-sectioned and examined by election microscopy 
showing alumma powder coated with titanium diboride dispersed in aluminum. 
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EXAMPLES 

One hundred grams of silica powder (having an average particle size of about fifty 
micrometers) is placed in a stirred cup in a vacuum sputtering chamber. The sputtering 
target (titanium) is mounted in a water cooled holder. The vacuum chamber contains a 
5 reduced pressure of nitrogen gas. The siUca powder is coated with the titanium nitride in 
the sputtering chamber and then weired. The coated silica powder wei^ one hundred 
and four grams. X-ray photoelectron spectroscopy analysis indicates a surface coverage by 
the titanium nitride on the siUca of more than ninety percent. X-ray diffraction analysis 
indicates that the titanium nitride coating is substantially amorphous in crystalline structure. 
10 The titanium nitride coated sUica powder is then heated to 1000 degrees Celsius in argon for 
about one half hour to anneal the titanium nitride coating. X-ray diffraction analysis 
indicates that the titanium nitride coating is now substantiaUy crystalline in structure. The 
annealed titanium nitride coated siKca is mixed with molten aluminum and cast into a mold. 
The mold is cooled to room temperature to form an MMC artide. Hie MMC article is 
cross-sectioned and examined by electron microscopy showing siHca powder coated with 
titanium nitride dispersed in aluminum. 
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